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A Factor Analysis of the Information and 
Arithmetic Items of the WAIS 


Abstract 


Factor analysis is applied to a matrix of item intercorrelations based on 
the WAIS Information and Arithmetic subtests, using a sample of college-ori- 


ented males. Six factors are found and speculatively interpreted as follows: 


I: General Information: This factor is best measured by information 
items that are non-specific in response requirement, and "historical" in their 


content. Scores on this factor may assess "mental capacity" in adults. 


II: Contemporary Affairs: This factor is best measured by information 
items that have not necessarily been true for a long time, including the ge- 
ographical items from the WAIS. 


IIt: Cultural Knowledge: This factor is measured by information items 
of specific literary or religious interest, or which are normally acquired 
through reading. 


IV: Scientific Generalizations: While this factor is well measured by 
appropriate information items, it is also involved in the performance of rela- 
tively complex mental arithmetic problems to which formulae can be applied, 
or which require a sequence of elementary operations. 


V: Numerical Information: This factor may be directly measured by 
specific, role-appropriate information items, but is also involved in WAIS 


arithmetic items requiring the "conversion of units." 


VI: Numerical Operations: This well-known factor depends on facility 
in the manipulation of familiar symbols according to simple rules, and may 


assess a form of "ideational discipline." 


The Information subtest of the WAIS appears to depend primarily on Fac- 
tors I, II, and III, with some items highly loaded on Factors IV and V. The 
Information subtest of the WB-I is similar except for the notable absence of 
Factor IV. The Arithmetic subtests of both the WB-I and the WAIS appear to 
depend primarily on Factor VI, with most items also loaded on Factor V, and 
most difficult items also loaded on Factor IV. Scholastic aptitude appears 
to be a composite of Factors III, V, and VI. 
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A Factor Analysis of the Information and 
Arithmetic Items of the wArs!?® 


Several reports have described the application of conventional item- 
analysis procedures to the Wechsler subtests (6, 7, 9, 12, 13). That these 
results have not been completely consistent has readily been attributed to 
differences in the samples studied by different investigators. It may be 
noted, however, that if the items of a particular subtest really do all | 
measure the same thing then no amount of difference in the sampling of 
people can bring about a significant change in the apparent order of dif- 
ficulty of the items. Where such changes in the order of difficulty have 
been observed it is clear that the items must depend reliably on more than 
one dimension of performance--at least on two dimensions and possibly on as 


many Gimensions as there are items. 


In particular, the multidimensional character of the Picture Comple- 
tion (PC) subtest has recently been explicitly demonstrated (16), with the 
isolation of three common factors from the 20 items that were studied. At 
the same time, evidence was adduced showing that these three factors could 
be interpreted in terms of clinically distinct processes, and that they 
were differentially related to certain of the subtests other than PC. Giver 
such encouragement, it appears pertinent to investigate the factorial com- 
position of at least some of the remaining Wechsler subtests, in order to 


provide a better understanding of what is measured by the scores currently 


% This research was supported by the Society for the Investigation of Human 
Ecology. 


2 this report may be regarded as the fourth in a series (15, 16, 18) that 
will be concerned with the general question of relationships between apti- 
tude and achievement tests, on the one hand, and various measures of person- 
ality on the other. The Wechsler provides a useful starting point for 
studies in this area since it appears to span a number of representative 
ability dimensions, and is widely employed clinically in the understanding 
of personality disorders. This report contributes to the overall series by 
providing additional information about six of the dimensions measured by 
the Wechsler. 
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being obtained (23) by adding together item responses of heterogeneous con- 
tent. 


The present report is concerned primarily with the Information (I) and 
Arithmetic (A) subtests of the WwAIS.> We chose to treat more than one of 
the subtests at a time, where possible, in order to reduce the number of 
factor analyses required to cover all the subtests. We chose to treat 
I and A together, in particular, because we anticipated the presence of at 
least one factor common to both subtests--a dimension of "numerical informa-~ 
tion." Also, neither I nor A is seriously complicated by the problem of 
responses for which partial credit is allowed. Comprehension (C) and Simi- 
lJarities (S), which share the latter problem, will be treated together in 
a subsequent report (20). 


Procedure 


The sample of subjects used was the same as that. used twice previously 
(15, 16), comprising a combined group of 228 male college and college-pre- 
paratory students. Separate scores for 51 items were obtained from our 
original WAIS record forms, including six difficult I items and two difficult 
A items that had been employed with our subjects in an effort to provide 
additional ceiling for these two subtests, as well as all the regular I and 
A items (23). (The non-standard items are described in Table 1:) At the 
easy end of the scale, five I items and three A items were passed by every 
subject in our sample, leaving only 43 items available for intercorrelation 


and factor analysis. In the case of those A items for which extra time- 


3 It has been suggested that "marker tests” should be included if a study 
such as this is to succeed in finding out what the WAIS really measures. 
There are three reasons why we have not adopted such a strategy at this 
stage of our investigation: (1) The necessary data are not currently avail- 
able to us, and would be relatively difficult to obtain. (2) In terms of 
common factors, tests cannot possibly exhibit a better simple structure 
than items. (3) From the viewpoint of those whose experience is with the 
Wechsler, individual items may serve as even more meaningful "markers" than 
any collection of less familiar "factor-pure" tests. 
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T~30 


I-31 


I-32 


I-33 


I-34 


I-35 


A-15 


A~16 


Table l. 
SUPPLEMENTARY INFORMATION AND ARITHMETIC ITEMS 
(WITH THEIR ANSWERS ) 


Who wrote Principia Mathematica? (Newton...Russell... 
Russell and Whitehead 


How high is Mt. Everest? (28,000 to 30,000 ft. (any 
answer in this range is acceptable. )) 


What is the capital of Australia? (Canberra) 


What is an Habeas Corpus? (A legal writ requiring that 


evidence be produced to justify detention of a prisoner. 
(Answer must be clearly distinct from definition of 
"bail.")) (From WB-T) 


What is Archimedes' Principle? (The bouyant force of a 
fluid on an immersed body is equal to the weight of fluid 
displaced. (Answer must go beyond the special case of an 
object floating in water; the weight of the object is 
relevant only for a floating object. )) 


What is an "occluded front"? (A weather situation in 
which a cold front has overtaken a warm front. (A front 
is any boundary between a cold air mass and a warm air 
mass, and normally may be "cold," "warm" or "stationary" 
depending on its direction of movement. None of these is 
an occluded front. )) 


What is the sum of all the odd numbers between zero and 
twenty? (100) 


If a train goes 150 yards in 10 seconds, how many feet 
can it go in one fifth of a second? (9 ft.) (Administered 
visually as in WB-I.) 
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credits may be allowed for fast performance we simply noted whether or not 
the correct answer was reached within the longest time limit, thus minimiz- 


ing the importance of speed for these items. 


A 43 x 43 tetrachoric intercorrelation matrix was computed using an 
IBM 650 procedure developed by Tucker (22). This procedure "flagged" a 
number of its own results as relatively unreliable, on grounds of too few 
cases in one or another of the cells of the two-by-two table from which the 
tetrachoric correlation was being estimated. Thirteen additional items had 
to be set aside because they were involved in more than one such unreliable 
correlation estimate. All 13 of these items had been passed by less than 
5% or by more than 95% of our sample. The correlation matrix for the remain- 
ing 30 items is reported in Table 2, including the proportions of our sample 
passing them. 


The factor analysis proper was carried out by an iterative procedure 
that we have described elsewhere (19); it resulted in the determination of 
a six-factor solution. The unrotated factor matrix and communalities are 
reported in Table 3. The latent roots for the discarded factors ranged 
from +0.784 to -0.757, exhibiting a symmetrical distribution around zero. 


Rotation was carried out initially to the raw quartimax position, | 
and then to a series of positions defined by successively improved hypothe- 
sis matrices (17). The final orthogonal rotation is reported in Table 4, 
Parentheses are used in Table 4 to indicate which loadings were specified 
as non-zero in the final hypothesis matrix, which was used to compute the 


table. 


It is evident from a set of factor plots based on Table 4 that certain 
of the factor pairs are oblique. This probably accounts for the necessity 
of employing a relatively complex pattern to obtain a good orthogonal ap- 
proximation of the true oblique factor structure, using the rotation pro- 
cedure followed. However, it was found possible to take account of the 
most compelling obliquenesses by executing just four single plane rotations, 
affecting the loadings on Factors III, V, and VI. These rotations may be 


summarized in the following transformation matrix: 
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Table 3. 
PRINCIPAL COMMON FACTOR MATRIX 


Fy 
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ORTHOGONALLY ROTATED FACTOR MATRIX 


I IL 
(625) 080 
[-321] (406) 
095 (602) 
O48 055 
(241) -018 
(330) (292) 
(320) (42 ) 
(334) (639) 
(236) 126 
(348) (342) 
205 22h 
(397) -089 
(427) (272) 
(579) (248) 
(285) (299) 
(354) (53%) 
O17 , 0835 
-023 085 
(374) (305) 
078. oy 
-013 (431) 
(374) -022 
-056 115 
034 170 
149 185 
(234) -199 
188 029 
007 129 
-003 -O54 
(508) Oh5 

2:648 2,338 


III 


-165 


2,206 


Tabie 4, 


2.494 


(448) 
(498) 
~136 
(422) 
(321) 
O45 
(334) 
(270) 
(239) 


- (143) 


(321) 


2.383 


(531) 
~094 
(544) 
078. 
(492) 
(386) 
(232) 
(259) 
(500) 
(569) 
(322) 


2.063 
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Ir - TII Vv VI 

II 1.000 -140 re) ¢) 

III re) 949 ) 0) 
Vv fe) 081 958 287 
VI ) 272 287 958 


Following the completion of orthogonal rotation, estimates were made 
of the rotated factor loadings of the 13 items that had been set aside at 
the beginning of the factor analysis, by using a modification of Dwyer's 
extension method (3). For any one of the 13 additional items, these 
estimates depend only on the correlations of the item with the 30 items 
that stayed in the factor analysis, thereby making minimal use of the 
tetrachoric correlations judged to be unreliable, and containing the ef- 
fect of any seriously erroneous correlation estimate within a single item. 
The estimated factor loadings and communalities for these items are shown 
in Table 5, in the top part of the table. . 


In view of the extra variance contributed by the poorly estimated 
correlations, it is not surprising that several of the estimated com- 
munalities in Table 5 are greater than wmity. The average communality in 
Table h, however, is only .47. In order to place the 13 items added by 
extension on a more comparable basis for the discussion to follow, we 
have arbitrarily but proportionally adjusted the loadings of these items . 
so they yield a comnunality of exactly 0.5. These adjusted factor load- 
ings are shown in the bottom portion of Table 5. 


Discussion 


The mere fact that six distinct factors have emerged from this factor 
analysis of items taken from the I and A subtests of the WAIS represents 
ample reward for having undertaken the analysis. Consideration of Table 4 
will show that all six of these factors are involved in Information, and 
that at least five of them may be involved in Arithmetic. However, the 


first four factors can be regarded as being primarily related to I, and the 
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Item 


I- 5 
I+ 7 
I- 8 
I- 9 
I-10 
T-15 
I-28 
I-30 
T-32 
I-33 
I-34 
I-35 
A- 7 


I- 5 
I- 7 
I- 8 
I- 9 
I-10 
I-15 
I-28 
I-30 
I-32 
I-33 
Ta3h 
I-35 
A- 7 


‘Table 5. 
FACTOR LOADINGS FROM DWYER. EXTENSION 


Til 
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last one.can be regarded as primarily A. The “numerical information" factor 


whose existence was anticipated appears as Factor V. 


Factor I: The following items from Table h have loadings of 0.35 or more 
(none of the items in Table 5 has a loading on this factor): 
-625 I- 6 Name four men who have been presidents of the 
United States since 1900. 
-579 I-24 Who wrote the Ilied? 


508 A-16 Tf a train goes 150 yards in 10 seconds, how 
many feet can it go in one fifth of a second? 


427 L-23 At what temperature does water boil? 
397 I-22 What is the main theme of the Book of Genesis? 
37k I-31 How high is Mt. Everest? 


374 A- 8 How many hours will it take a man to walk 2h 
miles at the rate of three miles an hour? 


354 I-26 What is the Koran? 
£348 I-20 What is the population of the United States? 


These items call for relatively non-specific bits of what we shall term 
General Information. While this factor is about as broad as any of the six 
in terms of the number of loadings that exceed 0.35, it is relatively lack- 
ing in items with high loadings that approach factorial purity. The only 
item that does not appear to be meaningfully related to at least one other 
factor is item I-6, and this item has two quite distinct properties both of 


which are held in common with most of the other items on this factor. 


As of today, the United. States has had ten different presidents since 
1900, any four of whom may be named for full credit on item I-6. Thus, 
there are 210 different correct answers to this particular item. In this 
sense, the item maybe said to be quite non-specific. In a similar vein, 
items 1-17," I-20, and I-31 all call for judgments which will be counted 


4 The choice of a limit such as 0.35 for acceptance of a factor loading is 
quite arbitrary. It is based on the belief that loadings above this value 
in this study are consistently meaningful. A number of significant load- 
ings must fall short of such a limit, however, and we shall feel free to 
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as correct anywhere within a fairly broad range of possible answers, Items: 
I-16, I-22, and I-26 may be answered in a variety of ways without losing 
credit. Item I-23 definitely has two different answers, depending on whether 
the Centigrade or the Fahrenheit scale is referred to. So does item A-16, 
since if the subject initially states the answer is-"3 yards," he still may 
receive full credit for stating that it is "9 feet." Only items A-8 and 
I-24 fail to bear an obvious relationship to this factor in terms of non- 
specificity of required response, and rationalizations could be offered 
even for these items. In effect, for Factor I, the item form for most of 
these items might as well have been "Tell me something about...;" giving 
full credit for any relevant and correct reply. 


The other feature of item I-6 is one that is shared particularly 
clearly with item I-24, namely, that the answer has been true for a long 
time. Indeed, in view of the relatively broad limits used in scoring 
item I-20, the only item on this factor that may not be appropriately ap- 
proached in historical perspective is Te11.? The latter item appears with 
@ negative loading, although the item is positively correlated with 
Factors II and VI. It would seem that the average height of women may 
have been increasing sufficiently rapidly, in relation to the range con- 
sidered correct in scoring, to cause underestimation on the part of some 
who look too far back for a basis for answering this item. 


Of course, we could note that the answers related to Factor III have 
been true for a long time, and we would judge that the same could be said 
for each of the factors except Factor II, Thus, it does not add very much 
to our understanding of Factor I to make this statement about it. On the 


cite items with loadings of less than 0.35 on a factor when it seems ap- 
propriate to do so. All of the loadings in Table 5 will be treated as 
though they were below the limit set for automatic acceptance. 


a ‘The loading of this item is just below the arbitrary limit of 0.35, but 
would be increased in magnitude if Factor I were rotated oblique to Factor IT 
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other hand, Factor I appears to be unique in its property of non-specific- 
ity, discussed above, and we suspect that it is more fruitful to emphasize 
this aspect of the factor. .This is what we mean to do by referring to the 


factor as "general information." 


If we had given the Vocabulary (V) subtest to the subjects used in this 
atuay,” it would certainly have been appropriate to include at least some 
V items in this analysis. We do know, however, that I and V are consisbéits: 
ly and substantially intercorrelated (23). Except for words whose special 
meanings make them relevant to Factor II or III or IV (e.g., item 1+28), 
we would expect Factor I to be primarily responsible for this relationship. 
Indeed, the scoring criteria for the Vocabulary subtest (23) open the door 
for non-specificity in response just as widely as do the Information items 
eited above. The same is also true of many Comprehension and Similarities 
items, and can. account for the relation of these tests to the Information 
Factor in our original analysis of these data (Factor II in (15)). -Thus, 
the feature of non-specificity appears to be a potentially important con- 
sideration in almost any open-ended verbal item that must be objectively 
evaluated. It appears that Factor I may be a general factor across such 
items, and that it is actually more dependent on item form than on item con-+ 
tent! 


‘We also know that Vocabulary, Information, and Comprehension are among 
the subtests most resistant to decline in old age (24), and again it seems 
possible to provide an explanation primarily in terms of this factor. In 
this connection Riegel's comparison of the effects of aging on five verbal 
item types (11) is of interest. Using a multiple-choice item format through- 
out, he found least decline for Synonyms, and successively greater decline 
for Antonyms, Selections, Classifications, and Analogies. Riegel accounted 


6 As has previously been reported (15), Vocabulary was omitted primarily 
in order to save time in test administration, since its high correlation 
with Information made it seem relatively unlikely that this would lose a 
Pactor. 
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for these findings by noting that the class of possible synonyms for a word 
was much smaller than the class of possible analogies for a pair of words, 
so that the habit strength associating a word with its correct synonym is 
relatively much stronger if not actually over-learned, and is more resistant 
to decline. Consistently with this hypothesis, we may readily imagine that 
if Riegel's items were put into open-ended form and we asked a subject, for 


'" $+ would be much more reason- 


example, to "Tell me something about ‘flesh, 
able and likely for him to reply, "It means the same as 'meat,'" than for 

him to reply, "It is to a 'man' as ‘wood' is to a 'tree.'" In other words, 
when we use open-ended, non-specific items to measure the amount of General 
Information that a subject can recall, we are probably depending primarily 
on associations that are relatively over-learned » and for this reason rela- 


tively non-subject to decline. 


At the same time, we are determining how much such material the sub- 
ject has been able to "find room for." If we may assume something approach- 
ing saturation as regards opportunity to learn these items, it is appropri- 
ate to regard the resulting score as a good measure of mental capacity. 
Indeed, Merrill and Heathers (8) have proposed using Vocabulary level as a 


baseline for the interpretation of differential performance on the Wechsler 
subtests, while Gittinger (5) has proposed for the same purpose a composite 


based primarily on Information. and Comprehension. 
Factor IT: The following. items from Table k have loadings above 0.35: 


-639 I-18 Where is Egypt? 
.602 I-12 What is the capital of Italy? 
534 I-26 What is the Koran? 


431 A- 6 How many inches are there in two and one-half 
feet? 


4h I-17 How far is it from Paris to New York? 
406 I-11 How tall is the average American woman? 


The items correlating with this factor appear to call for fairly specific biti 
of information that are. useful in understanding Contemporary Affairs. Since 
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the authors of the WAIS naturally tried to avoid employing items that 
would have only transitory interest, this interpretation might seem at 
first to be an over-generalization. However, we cannot interpret the 
factor more narrowly, in terms of geographical information for example, 
without running into difficulty accounting for the utter absence of posi- 
tive loadings for items I-9 and I-10 (Table 5). On the other hand, map 
questions based primarily on places where things have actually been hap- 
pening do form an appropriate part of most contemporary sffairs quizzes. 
Furthermore, the presence of both items I-11 and I+20 with consistently 
signed loadings suggests that the individual who earns a high score on 
this factor is effectively oriented in the present tense. We would 
expect it to be appropriate to call him “up-to-date” and "well-informed." 
Items I-16 and I-21, which also ought to load this factor if our inter- 
pretation is correct, do in fact have loadings in excess of 0.2. Obvious- 
ly, many of the items that would provide the best loadings for this factor, 
as we interpret it, could not be included in the WAIS, and the factor may 
‘be of considerably more practical importance than its variance in this 
factor analysis would suggest. 


Factor III: The following items have loadings above 0.35 according to 
the obligue transformation of Table 4: 


-729 I-27 Who wrote Faust? 

702. T+-29 What is the Apocrypha? 

468 I-22 What is the main theme of the Book of Genesis? 
456 T-16 What is the Vatican? 


All four of these items call for specific bits of what we may generally term 
Cultural Information. Items dealing with religious and literary themes 

tend to be most nearly factorpure for this factor, and this identification 
will readily accoumt for the loadings shown by I-7, I+15, I-24, and I-26. 


However, a narrow interpretation of the factor in these terms does not 


suffice to explain the consistent appearance of loaflings for other items 
dealing with scientific and legal matters, such as I-30, I-33, and I-34. 
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None of the items loading Factor III calls for the sort of information 
that one will be casually exposed to except in a highly intellectual environ- 
ment, and the answers will normally be acquired through reading books. It 
is, therefore, probably appropriate to regard this factor as the residue of 
a liberal arts education, and to regard the individual who earns a high 
score on the factor as a relatively "educated" man. We might even call 
him an “intellectual” or an "egg-head" if we wished to emphasize the 
relative lack of practical day-to-day relevance contained in this kind of 
information. Obviously, the pursuit and acquisition of "cultural informa- 
tion" can be rewarded only in terms of a value-system that de-emphasizes 
the practical, and only a small fraction of the population can afford this 
Luxury. Only a small fraction of even our present college-oriented sample 
has put a large effort in this direction, and for this reason most of the 
highly-loaded items for this factor appear to be relatively quite diffi- 
eult. 


Factor IV: The following items from Table 4 have loadings in excess of 
0.35: 
«754 I~13 Why are dark clothes warmer than light-colored 
clothes? 


585 A- 9 If a man buys seven two-cent stamps and gives 
the clerk a half dollar, how much change should 
he get back? 


527 I-19 How does yeast cause dough to rise? 


ATS A+12 A men bought some secondhand furniture for two. 
thirds of what it costs new. He paid $400 for 
it. . How much did it cost new? 


430 T-23 At what temperature does water boil? 


This factor appears to represent primarily the application of Scientific 
Information to the solution of specific problems. While some of these 

"problems" are trivial and call only for the recitation of the required 
information, others will require some deductive exercise on the part of 
the subject. It happens that the most nearly factor-pure items for this 


factor in the present analysis come from the Information subtest. 
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Only two Information items (I-5 and I-28) having relatively little variance 
and only weak raw correlations with this factor were present in WB-I; evi- 
dently increased importance was attached to this factor in the development 
of the WAIS Information subtest. However, the most consistent utilization 
of the factor actually appears to be in the solution of relatively diffi- 
cult Arithmetic items. Every item that is sufficiently complex to require 
either a division or a sequence of more than one operation for its solu- 


tion is appreciably correlated with this factor. 


Factor V: The following items have loadings above 0.35 according to the 


oblique transformation of Table 4: 


643 T-14 When is Washington's birthday? 


631 I-21 How many senators are there in the United 
States Senate? 


. 582 A- 5 A newsman collected 25 cents from each of 
six customers. What is the total amount he 
collected? 


-450 A- 6 How many inches are there in two and one- 
half feet? , 


Kho A-10 A man with $18 spends $7.50. How much does 
he have left? 


427 A- 9 If a man buys seven two-cent stamps and gives 
the clerk a half dollar, how much change should 
he get back? 


-400 A-16 Tf a train goes 150 yards in 10 seconds, how 
many feet can it go in one fifth of a second? 


. 387 A-12 A man bought some secondhand furniture for 
two thirds of what it costs new. He paid $400 
for it. How much did it cost new? 


372 A-14 Eight men can finish a job in six days. How 
many men. will be needed to finish it in a half 


day? 
.370 I-20 What is the population of the United States? 


The common denominator of this factor may be very clearly expressed as 
specific Numerical Information. Like Factor IV, Factor V is involved in 
both the Information and Arithmetic subtests. The only Arithmetic item 
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that does not substantially load Factor V is the only Arithmetic item (A-8) 
that does not require conversion of units for its solution. Knowledge of 
the number of inches in a foot, cents in a quarter, etc., is one important 
kind of "numerical information." Looking at the Information items, we may 
note that those requiring only a rough judgment even if in numerical terms, 
such as I-17 and I-20, are not as well correlated with this factor as those 
which require a particular, specific numerical response, such as I-14 and 
I-21. This factor may be related to memory for detail; in this sense it 
would complement Factor IV, which we might relate to memory for generaliza- 


tions. 


Sommer's recent discussion (21) of sex differences in the retention 
of quantitative information seems to involve primarily this factor. Som- 
mer refers particularly to WAIS items I-17 and I-20 as ones which males do 
better on than females, and cites the item "How many teaspoons are there 
in a tablespoon?” as one which females do better on. The latter clearly 
involves nothing more than a conversion of units, and would be expected to 
load Factor V in the same direction as the other two items according to 
our interpretation of this factor. Evidently we must be prepared for this 
factor to be loaded by somewhat different items for men and for women, al- 
though in each case we should expect to find loadings for items of infor- 
mation that have a direct and practical utility for the role of the sex. 
The profile of factor loadings in the present study is "for men only." If 
role is important in relation to this factor, we should also note that the 
present loadings are for a "college-oriented" sample. 


Factor VI: The following items have loadings above 0.35 according to the 


oblique transformation of Table }: 


637 A- 5 A newsman collected 25 cents from each of six 
customers. What is the total amount he col- 
lected? 


. 586 A-15 What is the sum of all the odd numbers between 
zero and twenty? 


-563 A-10 A man with $18 spends $7.50. How much does he 
have left? 
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548 A-14 Eight men can finish a job in six days. How 
many men will be needed to finish it in a half 
day? 


482 A- 8 How many hours will it take a man to walk 2) 
miles at the rate of three miles an hour? 


-402 T-1h When is Washington's birthday? 


401 A-16 If a train goes 150 yards in 10 seconds, how 
many feet can it go in one fifth of a second? 


383 A-11 The price of canned peas is two cans for 31 
cents. What is the price of one dozen cans? 

This factor clearly involves skill in performing Numerical Operations. It 
is loaded by every Arithmetic item except A-6; the computational aspect of 
A-6 may be regarded as minor in comparison with the information required. 
At the other extreme, the computation in items A-5 and A-15 far overshadows 
the information required. The two Information items appearing on Factor VI 
will depend on the use of computational skill for at least some subjects; 
responding to I-ll may involve finding an average, while responding to I-14 
is likely to involve use of a mmemonic device that relates both Lincoln's 
and Washington's birthdates to a more personally relevant anniversary of 


some kind. 


While there is some tendency for Arithmetic items to appear on every 
factor, it is clear that Factors V and VI make the most consistent contribu- 
tion to the total score on Arithmetic throughout the range of item diffi- 
culty. Inasmuch as most appearances of the Numerical Operations factor in 
other studies (1, 2, h) have included the notion of speed in performing 
arithmetic problems, it appears safe to assume that the contribution of 
time-credits (23) to the total score increases the weight of Factor VI 
relative to Factor V, and makes Factor VI the most important single con- 


sideration in understanding the overall score. 


Coombs (1) concluded that what has been called "number ability” is. 
basically "characterized by a facility in manipulating a symbolic system 
according to a specified set of rules." The more practice was provided or 
the more familiar the symbolism had become, the more performance was shown 
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to depend on the number factor. Performances requiring serial response did 
not correlate so well with the factor as very simple tasks involving a single 
operation. However, "number ability" could be detected in tasks that do not 
involve numbers at all. Rapaport's (10) discussion of the Arithmetic sub- 
test of the WB-I as a measure of “concentration” and Gittinger's (14) inter- 
pretation of A as a measure of “ideational self-discipline" are consistent 


with Coombs' stress on the more fundamental nature of this factor. 


It is clear that the present results provide further confirmation for 
this position. We have already observed that A items requiring serial 
operations are all loaded on another factor (Factor IV), while Factor VI 
has its best correlations with simple additional or multiplication items 
like A-5 and A-15. In Table 5 we may observe that a number of I items ap- 
pear to be substantially related to Factor VI. 


As a matter of fact, there is a whole cluster of Information items in 
Table 5, including all of the most difficult items for our sample as well as 
some of those that were very easy, which have about equal loadings on 
Factors III, V, and VI. It is notable and probably not coincidental that 
these are the same three factors for which the data dictated obliqueness, 
and which were rotated to yield negative correlations with one another. 

If the same oblique transformation was applied to Table 5 all of these 
loadings would simply be increased. All these results can be accounted for 
by positing that the factors are normally nearly orthogonal, but that our 
sample has been severely selected in terms of a composite of the three 
factors. The existence of numerous items that measure this particular 
composite establishes that tests can be built to accomplish such selec- 
tion. Furthermore we know that our sample is representative of only a 
limited range of scholastic aptitude, as indicated by scores obtained on 
the College Board's Scholastic Aptitude Test; it does not seem an un- 
reasonable hypothesis to identify scholastic aptitude as a composite de- 
pending largely on Factors IIT, V, and VI, provided each of these factors 
is itself interpreted in the broad fashion outlined above. If this is true, 
then "scholastic aptitude” and "mental capacity" as we defined it in con- 


nection with Factor I are not equivalent concepts. 


QSUddI'] SUOWIWIOD aAnearD a[qvotdde ay) Aq pawsaaos ase sajonse YO ‘asn Jo sayns 10} Aresqr] aur[uC AaTi Ay UO (SUOTIPUOD-puk-stLLIA}/WIOD* Kap’ AreIQIaut[uo//:sdyy) suONIpuoD pure sway, ay) 22g “[ZZOT/T1/6Z] UO ArerQry] auTTUG A2TIM ‘X°S60004}'096 I'FOS8-EEET YZOOI OL /LOp/wios Ka|tAy Arerqraurpuo//:sdyyy wo. papeojumogd ‘| ‘0961 ‘POSSEEET 


Summary and Conclusions 


Factor analysis is applied to a matrix of item intercorrelations based on 
the WAIS Information and Arithmetic subtests, using a sample of college-ori- 


ented males. Six factors are found and speculatively interpreted as follows: 


I: General Information: This factor is best measured by information 
items that are non-specific in response requirement, and “historical” in their 


content. Scores on this factor may assess "mental capacity” in adults. 


IIT: Contemporary Affairs: This factor is best measured by information 
items that have not necessarily been true for a long time, including the ge- 
ographical items from the WAIS. 


III: Cultural Knowledge: This factor is measured by information items 
of specific literary or religious interest, or which are normally acquired 


through reading. 


IV: Scientific Generalizations: White this factor is well measured by 
appropriate information items, it is also involved in the performance of rela- 
tively complex mental arithmetic problems to which formulae can be applied, 


or which require a sequence of elementary operations. 


V: Numerical Information: This factor may be directly measured by 
specific, role-appropriate information items, but is also involved in WAIS 


arithmetic items requiring the "conversion of units." 


VI: Numerical Operations: This well-known factor depends on facility 
in the manipulation of familiar symbols according to simple rules, and may 


assess a form of "ideational discipline." 


The Information subtest of the WATS appears to depend primarily on 
Factors I, II, and III, with some items highly loaded on Factors IV and V. 
The Information subtest of the WB-I is similar except for the notable absence 
of Factor IV. 


The Arithmetic subtests of both the WB-I and the WAIS appear to depend 
primarily on Factor VI, with most items also loaded on Factor V, and most dif 


ficult items also loaded on Factor IV. 


Scholastic aptitude appears to be a composite of Factors ITT, Vv, and VI. 
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